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Plans to build a sea dike in the Jakarta Bay to solve the multiple water problems in the Jakarta area 
should take into account the possibility of tsunami waves from a possible future explosion of Anak 
Krakatau. To obtain a rough indication of the possible waves we took the waves caused by the 1883 
explosion of the Krakatau as guidance. The inverse problem to determine a possible generation 
scenario that produces similar waves as in
1883 is considered here using a relatively simple phreato-magmatic explosion model. For the 
simulations we use a Finite Element implementation of a linear Variational Boussinesq model.







7R WDFNOHWKH VHULRXV DQG PXOWLSOH ZDWHU
SUREOHPV RI WKH -DNDUWD DUHD RQH RI YDULRXV
RSWLRQV LV WKH EXLOGLQJ RI D ¨*LDQW 6HD :DOO©
>@ ,Q YLHZ RI WKH SRVVLELOLW\ WKDW D WVXQDPL
PD\KLWWKH-DNDUWD%D\-%DWVRPHWLPHLQ
WKH  IXWXUH  WKH  ZDOO  VKRXOG EHWWHU EH




ZDOOV FRXOG QRW SUHYHQW RYHUWRSSLQJ DQG HYHQ
VRPHRIWKHPFROODSVHG1RQOLQHDUHIIHFWVSOD\
D VLJQLILFDQW UROH LQ WKH REOLTXH FROOLVLRQ RI D
WVXQDPL DJDLQVW D ZDOO ,Q <HK >@ DQG
UHIHUHQFHV WKHUHLQ LW LV DUJXHG WKDW WKH ZDYH
KHLJKW GXULQJ FROOLVLRQ PD\ EH IRXU WLPHV
KLJKHUWKDQ WKHKHLJKW RI WKHLQFRPLQJ
WVXQDPL YHU\ GLIIHUHQW IURP WKH OLQHDU WKHRU\
WKDWSUHGLFWVDWPRVWDWZRIROGDPSOLILFDWLRQ,W
ZLOO EH ZLVH  WR  WDNH  WKLV  NQRZOHGJH  LQWR
DFFRXQWLQWKHGHVLJQRIDSRVVLEOHVHDZDOOLQ
WKH-DNDUWD%D\
,Q YLHZ RI -DNDUWD©V SRVLWLRQ DW WKH -DYD
6HDWKHPRVWSRVVLEOHVRXUFHRIDWVXQDPLVHHPV
WREHDQH[SORVLRQRI$QDN.UDNDWDX$.LQWKH
IROORZLQJ VHH >@ IRU LQIRUPDO DFWLYLW\ UHSRUWV
RIWKHYROFDQR7KHH[SORVLRQRIWKH.UDNDWDXLQ
.FDXVHGD WVXQDPL)RUWXQDWHO\WKH
UHVXOWLQJ ZDYHV ZHUH PHDVXUHG LQ WKH -DNDUWD
%D\ VHH )LJ 6XUIDFH HOHYDWLRQV RI P FUHVW
KHLJKW DQGQHJDWLYHHOHYDWLRQVRIPPXVWKDYH
RFFXUUHG DW WKDW WLPH >@ VHH > @ IRU PRUH
LQIRUPDWLRQ
,Q RUGHU WR EH DEOH WR LQYHVWLJDWH WKH
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PRUH L QIRUPDWLRQ WKDQ ZDYH KHLJKWV DW RQH
ORFDWLRQRQO\ZLOOEHQHHGHG7KHUHIRUHRXUDLP
LV WRVLPXODWH WVXQDPLZDYHV LQ WKH-DNDUWD%D\
WKDWRULJLQDWHIURPDSRVVLEOH$.H[SORVLRQDQG
 UHVHPEOH LQ DVX IILFLHQWO\  JRRG  ZD\
WKH.WVXQDPLZDYHV7KLV ZLOO EH GRQH
LQ VHFWLRQ ,, ZKHUH DOVR GHWDLOV
DERXW WKHQ XPHULFDO FRGH ZLOO EH JLYHQ ,Q
6HFWLRQ ,,, ZH SUHVHQW VRPH UHVXOWV RI WKH
WVXQDPL VLPXODWLRQV &RQFOXVLRQV ZLOO EH
IRUPXODWHGLQ6HFWLRQ,9
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II. TSUNAMI GENERATION AND PROPAGATION
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A. Variational Boussinesq Model

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IRU WKHVL PXODWLRQ LV VKRZQ LQ )LJ ODQG




)LJ 3ORW RI WKH VLPXODWLRQ GRPDLQ ZLWK WKH
.UDNDWDX DUHD DQG WKH -DNDUWD %D\ 7KH WULDQJXODU
JULG LV WR LOOXVWUDWH WKH FKDQJLQJ JULGVL]H ZLWK
EDWK\PHWU\ IRU VLPXODWLRQV D PXFK ILQHU JULG LV
XVHG

7KH QXPHULFDO PRGHO ZH XVHG LV WKH
9DULDWLRQDO%RXVVLQHVT0RGHO 9%0 WKDW KDV
EHHQ GHYHORSHG LQ WKHS DVW \HDUV LQ
FROODERUDWLRQ EHWZHHQ WKH LQVWLWXWHV RI WKH
DXWKRUV 7KH PRGHO KDV EHHQ XVHGIRUWVXQDPL
VLPXODWLRQVEHIRUH>@DQGKDVEHHQIXUWKHU
GHYHORSHG IRU FRDVWDO ]RQH DSSOLFDWLRQV ZLWK
ZLQGZDYHVVHH>@
7KH EDVLF LGHDEHKLQG9%0 LVWKDWWKH
H[DFWHTXDWLRQVRILUURWDWLRQDOZDWHUZDYHVFDQ
EH GHVFULEHG DV D YDULDWLRQDO SUREOHP $Q
DFWLRQ SULQFLSOH  OHDGV WR  WKH  IRUP RI WKH
HTXDWLRQV DV  D +DPLOWRQLDQ V\VWHP ZLWK WKH
VXUIDFH HOHYDWLRQ DQG WKH IOXLG SRWHQWLDO DW WKH
IUHH VXUIDFH DV V\PSOHFWLF YDULDEOHV %RWK
YDULDEOHV GHSHQG RQO\ RQ KRUL]RQWDO
FRRUGLQDWHV LH WKH GHSWK YDULDEOH LV DEVHQW
ZKLFK OHDGV WR DG LPHQVLRQ UHGXFWLRQ WKDW LV
SURILWDEOHIRUQXPHULFDOHIILFLHQF\
,Q RUGHU WKDW WKLV IRUPXODWLRQ EHFRPHV
SUDFWLFDOO\XVHIXO WKH LQWHULRU IOXLGPRWLRQKDV
WREHPRGHOHGVRWKDWDQGH[SOLFLWH[SUHVVLRQRI
WKH +DPLOWRQLDQ LQ SDUWLFXODU WKH NLQHWLF
HQHUJ\LQWKHEDVLFYDULDEOHVLVREWDLQHG $Q\
DSSUR[LPDWLRQZLOO  UHWDLQ   WKH+DPLOWRQLDQ
VWUXFWXUH DQG WKHUHIRUH H[DFW HQHUJ\
FRQVHUYDWLRQ DQG VWDELOLW\ SURSHUWLHV
1HJOHFWLQJ GHSWK GHSHQGHQFH LQ WKH LQWHUQDO
PRWLRQ OHDGV WR WKH VKDOORZ ZDWHU HTXDWLRQV
,PSURYLQJ WKLV E\ WDNLQJ D SDUDEROLF GHSWK
GHSHQGHQFH ZLOO OHDG WR DQ LQFOXVLRQ RI
GLVSHUVLRQ WKDW KDV VKRZQ WR EH VXIILFLHQW IRU
WVXQDPL VLPXODWLRQV )XUWKHUPRUH VLQFH
QRQOLQHDU HIIHFWV FDQ EH H[SHFWHG WR EH VPDOO
ZHXVHG WKH OLQHDUYDULDQWRI WKHPRGHO IRU WKH
VLPXODWLRQVLQWKLVSDSHU
)RU WKH VLPXODWLRQV LQ WKH FRPSOLFDWHG
JHRPHWU\ DQG YDU\LQJ EDWK\PHWU\ ZH XVHG D
)LQLWH(OHPHQWLPSOHPHQWDWLRQ RQ DWULDQJXODU
JULG 7KH YDULDEOH JULG VL]H DGDSWV WR WKH
ERWWRP YDULDWLRQV LQ VXFK D ZD\ WKDW WKH
GHFUHDVH LQ ZDYH OHQJWK LQ VKDOORZHU ZDWHU LV
FRPSHQVDWHG WR UHWDLQ VXIILFLHQW DFFXUDF\ )RU
WKHVLPXODWLRQVLQWKHGRPDLQRI)LJZHXVHG
DJULGZLWKHOHPHQWV7KHZDYHVZHUH
FDOFXODWHG XQWLO SK \VLFDO KRXUV DIWHU
LQLWLDWLRQ RI WKH WVXQDPL VLQFH LWWD NHV
DSSUR[LPDWHO\  KRXUV EHIRUH  WKH  ZDYHV
DUULYH  LQ  -%  WKLV PHDQV WKD W UHOHYDQW WLPH






7KH  LQLWLDWLRQ  RI D  WVXQDPL  LV W KH  PRVW
FUXFLDO HOHPHQW LQ WVXQDPL PRGHOLQJ DQ\
GLIIHUHQFH LQ WKH JHQHUDWLRQ ZLOO FDXVH
GLIIHUHQFHVLQWKHSURSDJDWLQJZDYHV7KLVKROGV
IRUWVXQDPLVJHQHUDWHGE\WHFWRQLFSODWHPRWLRQV
EXW HYHQ PRUH VR IRU WVXQDPLV JHQHUDWHG E\
YROFDQRV 3K\VLFDO GHWDLOV RI WKH .
H[SORVLRQ DUH QRW NQRZQ DQG HYLGHQWO\ DOVR
QRW IRUDSRVVLEOHIXWXUH$.H[SORVLRQ2XUDLP
WR ILQG DQ LQLWLDWLRQ WKDW UHVHPEOHV WKH .
ZDYHPHDVXUHPHQWLQ -% GLVUHJDUGV DQ\
SK\VLFDO JHQHUDWLRQ PHFKDQLVP EXW OHDGV WR D
YHU\LOOSRVHGLQYHUVHSUREOHP





YDULDQWV  RI WKUHHEDVLFJHQHUDWLRQVFHQDULRV  D
S\URFODVWLFIORZPRGHODFDOGHUDFROODSVHPRGHO
DQGDSKUHDWRPDJPDWLF H[SORVLRQPRGHO
$IWHU DFD UHIXO FRQVLGHUDWLRQ LW ZDV
FRQFOXGHG WKDW RQH YDULDQW RI WKH  SK\VLFDOO\
PRVW SUREDEOH  S\URFODVWLF  IORZPRGHO  JDYH
WKH  EHVW PDWFK  LQ WKH FRPSDULVRQ R IZDYH
VLJQDOV LQ -% )RU WKH VLPXODWLRQ DQ DGYDQFHG
IOXLG PRGHO ZDV XVHG ZLWK WKH S\URFODVWLF
IORZ DV JHQHUDWLQJ VRXUFH RI WKH ZDWHU ZDYHV
WKH SURSDJDWLRQ RI WKH ZDWHU ZDYHV ZDV
PRGHOOHG E\ D QRQOLQHDU VKDOORZ ZDWHU FRGH
QRQGLVSHUVLYH
:H DG RSWHG  WKH  SKUHDWRPDJPDWLF
H[SORVLRQ PRGHO DV JHQHUDWLRQ VRXUFH 7KH
LQLWLDO ZDWHU HOHYDWLRQ LV WKHQ RI WKH IRUP DV
VKRZQLQ)LJZLWKSDUDPHWHUVR,H,DIRUWKH
UDGLXVKHLJKWDQGGHSWK
&RPSDULVRQ ZLWK WKH .PHDVXUHPHQWV
OHDUQV WKDW WKH ZDYH SHULRG DVZ HOO DV WKH
KHLJKW LV PXFK WRR VPDOO IRU WKLV VLPXODWLRQ
6LQFHWKHSHULRGLVFRPSOHWHO\GHWHUPLQHG E\
WKH  H[WHQW   RI   WKH JHQHUDWLRQ DUHD LH WKH
YDOXHRIRZHHQODUJHGWKHJHQHUDWLRQDUHDE\D
IDFWRU JLYHQ E\ WKH TXRWLHQW RI PHDVXUHG DQG





)LJ )RUP  RI  WKH  ZDWHU  HOHYDWLRQ  IRU  D
SKUHDWRPDJPDWLF  H[SORVLRQ  PRGHO  ZLWK  WKH
PHDQLQJ RI WKHSDUDPHWHUVR, H DQGD LQGLFDWHG
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)LJ  :DYH VLJQDO LQ WKH -DNDUWD %D\ E\




)LJ  :DYH VLJQDO LQ WKH -DNDUWD %D\ E\
XVLQJ  WKH SKUHDWRPDJPDWLF  H[SORVLRQ  PRGHO
ZLWK SDUDPHWHUVR,H,D NPPP

7KLV VKRZV WKDW LQGHHG WKHSHULRG LVDGMXVWHG
DQG DSSUR[LPDWHO\ FRUU HFW  EXW  WKDW  WKH
DPSOLWXGH  LV PXFK WRR KLJK 7KH IRUP RI WKH
ILUVW ZDYH LV UHDVRQDEO\ FRPSDUDEOH ZLWK WKH
ILUVW.ZDYHEXW VXFFHVVLYH ZDYHV VKRZ
PRUH YDULDWLRQ LQ RXU VLPXODWLRQ 7R FRUUHFW
WKH DPSOLWXGH WKH YDOXHV RI H DQG  D ZHUH
DGMXVWHG  LQ  D  WULDODQGHUURU Z D\ URXJKO\
JXLGHG E\ HQHUJ\ DUJXPHQWV >@ 7ZR
UHDVRQDEOH YDULDQWV ZHUH IRXQG IRU H P
D P DQGH PD P WKH VLJQDO RI WKH
ODVWPRVWH[WUHPHFDVHLVVKRZQLQ)LJ

)LJ  :DYH VLJQDO LQ WKH -DNDUWD %D\ E\





$OWKRXJK GHWDLOV RI WKH VLJQDOV DUH GLIIHUHQW
WKHDPSOLWXGHDQGSHULRGDJUHHVXIILFLHQWO\ZHOO
ZLWK WKH.VLJQDO WR WUXVW WKDW ZDYHV ZLWK
WKHVHFKDUDFWHULVWLFVDUH OLNHO\WRPD\DSSHDU LQ
D IXWXUH $. H[SORVLRQ RI WKH VDPH VWUHQJWK DV






8VLQJ WKH WVXQDPL ZDYHV LQ WKH -% DV
VLPXODWHG IRU WKH YDULDQWV GHVFULEHG DERYH ZH
DUH DEOH WRLQY HVWLJDWH ZDYH KHLJKWV DW DOO
ORFDWLRQV LQ WKH ED\ )RU IRUFHV RQ D GLNH DOVR
WKHGLUHFWLRQRIWKHZDYHVKDVWREHWDNHQLQWR
DFFRXQWEXWZHZLOOQRWFRQVLGHUWKDWKHUH
,Q )LJ  ZH VKRZ SORWV RI PD[LPDO DQG
PLQLPDO ZDYH HOHYDWLRQV DVG HQVLW\ SORWV RYHU
WKH ZKROH -% IRU WKHVL PXODWLRQ ZLWK H P
D P)XUWKHUPRUHZHFRQVLGHUHG D VHDGLNH
DWDK\SRWKHWLFDOSRVLWLRQIRUORFDWLRQVDWWKLV




)LJ 'HQVLW\ SORWV RI WKH PD[LPDO XSSHU SORW
DQG PLQLPDO ORZHU SORW ZDWHU HOHYDWLRQ LQ -DNDUWD
%D\

*LYHQ DOO XQFHUWDLQWLHV LQ SUHGLFWLQJ
IXWXUH WVXQDPL JHQHUDWLRQ VFHQDULRV WKH
UHVXOWV REWDLQHG KHUH OHDG XV WR WKH
FRQFOXVLRQ WKDW LQ WKH -DNDUWD %D\ WKH
PD[LPDOHOHYDWLRQDW ORFDWLRQVRIDSRVVLEOH
IXWXUH GLNH FDQEH DV ODUJH DV PDQG DV





)LJ 6FKHPDWLF  GUDZLQJ  RI  D  K\SRWKHWLFDO
VHDGLNHXSSHU SORW DQGPD[LPDO DQG PLQLPDO
HOHYDWLRQV DW HDFKRI    ORFDWLRQV  LQGLFDWHG  DW
WKH GLNH  GRWV  DUH  XVHG  IRU UHVXOWV ZLWK WKH





:H KDYH EHHQ DEOH WR GHVLJQ D VLPSOH
WVXQDPL LQLWLDWLRQ   RI   WKH   W\SH   RI   D
SKUHDWRPDJPDWLF H[SORVLRQ PRGHO WKDW
URXJKO\ SURGXFHV WKH VDPH VLJQDO DV WKH
 ZDYHV REVHUYHG LQ WKH -DNDUWD%D\
2XU LQLWLDWLRQ PRGHO FDQ GHVFULEH WKH ILUVW
DUULYLQJZDYHTXLWHZHOOWKHSHULRGDQGFUHVW
KHLJKW DUH DOPRVW WKH VDPH DV WKH 
REVHUYDWLRQ GDWD %XW WKH VXFFHVVLYH ZDYHV
DUH WRR KLJK ZLWK WRR PDQ\ RVFLOODWLRQV ,W
PD\ EH QRWHG WKDW RXU LQLWLDWLRQ PRGHO LV







WKH 5R\DO 1HWKHUODQGV $FDGHP\ RI $UWV DQG
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